Six Holstein (light-muscled type) and six BeIgian Blue bulls (double-muscled type)
blood glucose level, particularly in nonruminant species, and stimulates deposition of the absorbed nutrients in adipose tissue (see review by Weekes, 1986) . The Holsteins and Belgian Blues (doublemuscled type) are two cattle breeds extremely different in extent of muscle production. For example, in Holsteins (light-muscled type), the dressing percentage and the proportion of lean meat are rather low, whereas that of fat is high.
Opposite trends are found in the Belgian Blues (double-muscled type). Therefore, we related performance with plasma levels of hormones and metabolites in animals of these two breeds maintained under similar environmental conditions.
Envlronrnental Procedure
Animals and Management. Six bulls from the Belgian Blue breed and six Holstein bulls were used. The Belgian Blue is a beef breed of large size. There are two types of Belgian Blue animals: double-muscled and dual-purpose. The double-muscled type is selected for meat production only, and the dual-purpose type is used for both meat and milk production. The Belgian Blue bulls used in the present experiment were of the doublemuscled type. Belgian Blues were 6 mo old at the beginning of the experiment; the Holstein bulls were 4 mo old. According to the standards of the breeds (Hanset et al., 1989) , and because maturity appears earlier in Holsteins, a 2-mo difference was necessary to allow a common fattening period. Bulls were kept in metabolism stalls to 3~m~1~~-~m~~h a m , UK. allow separate collection of urine and feces. The diet offered was based on dried sugar beet pulp supplemented with soybean meal, rolled barley, hay, minerals and vitamins (Table 1) . The amounts of soybean meal and hay were 1.5 and 1.0 kg/d, respectively, and were constant during the experiment. The amount of rolled barley was calculated to be 20% of the total feed intake that was close to ad libitum by twice weekly adjustments. Half the daily amount of feed was given in the morning and the other half in the late afternoon.
Measurements. The amounts of feed consumed were weighed daily. Live weight was recorded once weekly. Nitrogen balance was measured in wk 5, 15, 23 and 33. Blood samples were drawn once a week via jugular venipuncture before the morning feeding. They were analyzed for urea by the diacetyl monoxime method, glucose by o-toluidine and creatinine by the Jaffe method as described by Henry et al. (1974) . Free amino N was measured by the trinitrobenzene sulfonate method (Palmer and Peters, 1969) and nonesterified fatty acids by capillary gas chromatography using the method described by Mueller and Binz (1982) . Triiodothyronine (T3) and tetraiodothyronine (T4) were determined by radioimmunoassay sing a commercial kit3.
Levels of IGF-I in F asma were determined by radioimmunoassay 2s described by Fumaletto et al. (1977) . Bricfly, recombinant DNAderived IGF-I4 was (sed as assay standard and for radioiodination by the lactoperoxidase method morell and Johansson, 1971); the antiserum was anti-human IGF-15. Batch UBK 487 used in the study has .5% cross-reactivity with IGF-11 and cross-reacts minimally with insulin at 10-%. The acid-ethanol extraction technique of Daughaday et al. (1980) was used with slight modifications (incubation at O'C during 15 min) to dissociate the binding proteins-IGF-I complexes. The efficiency of IGF-I extraction from bovine plasma was checked by adding pure IGF-I to a pool of plasmas from adult bulls; 90% of the added IGF-I could be detected. The intra-and interassay variability and detection limits were, respectively, 3%, 5% and .1 mM for T3; 3%, 5% and 3mM for T4 and 4%, 10% and .15 ng/ ml for IGF-I.
Blood samples were collected every 20 min over two 24-h periods in wk 6 and 27. The plasma samples were assayed for growth hormone using a homologous bovine radioimmunoassay. This method has been briefly described by Closset et al. (1986) . Bovine growth hormone purified from pituitaries and anti-bovine growth hormone antiserum prepared in rabbit (batch 8201) were from UCB Bioproducts6. Iodine 125 labeling of the hormone was performed using iodogen (Fraker and Speck, 1978) . Calibration curves were established using growth hormone USDA standard I-17. Plasma growth hormone concentrations were determined in all the blood samples collected every 20 min during the two 24-h periods. Plasma insulin was measured by radioimmunoassay (Michaux et al., 1981) . Bovine insulin* was used for the preparation of the standard and for labeling. Anti-bovine insulin antiserum raised in guinea pigs was a gift from J. F. Beckers (Faculty of Veterinary Medicine, University of Lsge). Labeling of bovine insulin with iodine 125 was performed using the lactoperoxidase method of Thorell and Johansson (1971) . Plasma testosterone was determined according to Decoster et al. (1979) . The intra-and interassay Variability and detection limits were, respectively, 3%, 8% and .1 ngfml for growth hormone; 4%, 9% and 2.0 pU/ml for insulin and 6%, 11% and .25 ngf ml for testosterone.
At slaughter, live weight of the animals and weight of organs, testes and hot and chilled carcasses were recorded. The seventh rib was removed and dissected to separate lean meat, fat and bones; composition of the carcass was estimated according to Martin and Torreele (1962) .
Student's t-test was used to compare the measurements made on the two breeds. Data 
MO.
analysis included animal performance, N balance and plasma metabolites in samples collected once a week and over the two 24-h periods. The parameters of the secretory patterns of growth hormone were determined through use of the Munro algorithm (Taylor, 1987) , which is an adaptation of the PULSAR program of Merriam and Wachter (1982) . Linear regressions were calculated between N retention and time (Dagnelie, 1975) .
Results
The duration of the experiment was 34 wk One bull from the Belgian Blue group had to be removed from the trial because of leg injuries 8 wk before the end of the experiment. Mean initial and final weights were 264.8 and 560.0 kg for the Belgian Blue group and 165.7 and 489.0 kg for the Holstein group (Table 2) ; ADG was 1.24 and 1.36 kg (P < .05), respectively. Feed intake (kg/d) was not significantly different between the two breeds, but expressed as a fraction of BW, Holstein bulls ate significantly (P < .00l) more feed than the Belgian Blue bulls did. The mean slaughter weights were 544.0 and 472.7 kg, so that BW losses by both breeds (16.3 kg) between the weights recorded at the Experimental Station and those recorded at the slaughterhouse were similar. Expressed as percentage of slaughter weight, weight losses were 3.3% and 2.9% in the Holstein and Belgian Blue groups, respectively. The weight of various organs calculated as percentage of slaughter weight consistently was higher in the Holstein bulls than in the Belgian Blue bulls. The chilled carcass weights (357.8 kg) for the Belgian Blue bulls were higher (P < .001) than for Holsteins (261.8 kg); dressing percentage averaged more than 10 percentage units higher (65.8 vs 55.4, P < .001). The carcasses of Belgian Blue bulls contained a lower proportion of bone (13.4 vs 15.7%, P < .05), more lean meat (71.3 vs 56.1%, P < .001) and less adipose tissue (15.4 vs 28.3%, P < .001).
Mean N retention differed (P < .01) between breed groups, being 47.1 gfd for the Belgian Blue group and 34. The concentrations of metabolites and hormones from plasma samples drawn once a week are summarized in Table 3 . There were no significant differences between breeds for glucose, urea, free amino N and nonesterified fatty acids. In contrast, creatinine concentration was higher (20.3 vs 11.0 mg N/liter, P < .001) in the Belgian Blue bulls than in the Holstein bulls. Figure 2 presents creatinine, T3, T4, and IGF-I concentrations in plasma over the 34 wk of the experiment. Creatinine concentrations consistently were higher in the Belgian Blue bulls. Holstein bulls tended to have higher plasma concentrations of T 3 (2.3 vs 1.8 nM, P I(340 vs 204 ng/ml, P < .20) than the Belgian Blue animals.
Time did not influence T3 and T4 concentrations greatly. A progressive increase with time was found in IGF-I concentration for the Belgian Blue bulls, whereas an increase followed by a decline was observed in the Holstein group.
< .lo), T 4 (71.9 vs 54.7 nM, P < .lo) and IGFThe hormone characteristics measured in plasma samples obtained over two 24-h periods on wk 6 and 27 are given in Table 4 . In wk 6, Holstein bulls appeared to produce more growth hormone, as indicated by higher total peak area (3,185 vs 2,431 ng, P > .20), peak amplitude (34.1 vs 22.6 ng/ml, P < .20) and baseline (4.6 vs 3.3 ng/ml, P < .20). On wk 27, findings were opposite: total peak area was 1,007 vs 1.283 (P > .20), peak amplitude was 10.3 vs 17.8 (P < .lo) and baseline was 1.7 vs 2.1 (P > .20). Hence, growth hormone secretion was lower in wk 27 than in wk 6 in both breeds. Belgian Blue bulls tended to have higher insulin concentrations than Holstein bulls in wk 6, whereas in wk 27, plasma insulin was &out three times greater (32.8 vs 11.7 mM, P < .lo) in Holstein bulls. The average concentration of IGF-I was higher (448 vs 254 ng/ml, P < .05 and 870 vs 621 ng/ ml, P < .lo) in wk 6 and 27, respectively, in Holsteins than in Belgian Blue bulls. These results were in full agreement with those found in the samples obtained weekly. The concentration of testosterone varied between animals, particularly in wk 6, as indicated by large standard deviations. However, there was a trend toward higher testosterone in Holsteins than in Belgian Blue bulls (3.00 vs 1.58 ng/ml [P > .20] on wk 6 and 4.00 vs 2.77 ngml [P <
.lo)] on wk 27). Testosterone concentrations were higher wk 27 than wk 6 in both breeds.
Dlscusslon
Two extreme breeds in terms of meat production ability were compared in the present experiment. Double-muscled Belgian Blues are mainly produced for meat; their milk yield is extremely low. By contrast, Holstein is a breed with a high milk yield potential but poor meat producing potential. The more interesting differences between the two breeds in terms of animal performance were found on intakes and slaughter characteristics. Holstein bulls ate more and had heavier gastrointestestinal tracts than Belgian Blue animals when expressed on a percentage of live weight basis.
At slaughter, Belgian Blue bulls had a higher dressing percentage, heavier carcasses, a larger proportion of muscles and reduced proportion of adipose tissue compared with Holsteins. Muscle development between the two breeds presumably differed from the beginning of the experiment, as indicated by large differences in plasma creatinine and N retention.
The growth hormone characteristics obtained in the present experiment were in agreement with those described by Wheaton et al. (1986) with eight Angus steers. With advancing age, secretion of growth hormone decreased as indicated by lower total peak area, lower basal concentration and reduced peak amplitude. Reductions with age in growth hormone secretion also were reported with Hereford and Hereford-Angus crossbred steers by Trenkle (1970) , with Angus, Hereford, Shorthorn and crossbred steers by h i n and Trenkle (1971) , with Angus and Hereford by Keller et al. (1979) and with assorted breeds by Verde and Trenkle (1987) . Growth hormone is known to direct nutrient resources to muscle rather than to fat. Although the differences between breeds were not significant, Holstein bulls appeared to produce more growth hormone than Belgian Blues in wk 6. This was rather surprising, because, by that time, both plasma creatinine concentration and nitrogen retention were lower in these animals. Possibly, growth hormone production was associated with differences in sexual maturity.
According to Joakinsen and Blom (1976) and Renaville et al. (198l) , growth hormone production is lower before puberty and rises duting puberty. Although Holstein bulls were 2 mo younger than the Belgian Blue animals, the Holstein bulls achieved sexual maturity earlier, as indicated by higher testosterone concentrations and heavier testes. On wk 27, growth hormone production tended to be higher in the Belgian Blue group. Such results were more in line with the role of growth hormone in directing nutrients toward muscle. When animal performance has been related to growth hormone characteristics and comparisons made between breeds in past literature, fast-growing animals were of large size and produced more growth hormone. Differences in size were due to breed differences (Ohlson et al., 1981; Grisby and Trenkle, 1986; Verde and Trenkle, 1987) or obtained by selection (Ohlson et al., 1987) . In past experiments, fatness characteristics were not measured, but the breeds with small size generally were fatter. In the present experiment, live weight gain was less in the Belgian Blues even though they produced more lean meat.
Insulin concentrations tended to be lower in wk 27 than in wk 6 in Belgian Blue bulls; the opposite was found in Holsteins. Insulin promotes lipogenesis and inhibits lipolysis. The findings of the present experiment correlated well with this hypothesis, because Holstein bulls produced the fattest carcasses. Grisby and Trenkle (1986) , Verde and Trenkle (1987) and Beeby et al. (1988) also found higher insulin concentration in breeds with small frame size and a high propensity to deposit fat.
Concentrations of IGF-I were higher in the Holstein group than in the Belgian Blue bulls. It increased with time in both breeds, but with a different pattern: a constant increase. was noted with the Belgian Blue breed vs an increase followed by a decline in the Holstein group. Lund-hsen et al. (1977) reported a rise in somatomedin activity in bulls with advancing age. Ronge and Blum (1989) found a continuous increase over the entire growth trial in crossbred bulls (Simmental x Holstein). Anderson et al. (1988) observed that IGF-I concentration was lower when crossbred bulls were 9 mo old than when they were older. According to Davis et al. (1989) , in young Jersey cows the plasma concentration in IGF-I had to be associated "with annual rhythm, the maxima and minima occurring around the shortest and the longest days respectively." The results of the present experiment do not agree with their suggestion because the experiment began during the autumn when the concentrations in IGF-I were low in both breeds. According to Honegger and Humbel (1986) , concentration in IGF-I increased until puberty. Testosterone concentration was higher in the Holstein group than in the Belgian Blues and higher in wk 27 than in wk 6; therefore, perhaps Holstein bulls were sexually mature while the Belgian Blue animals were still at the onset of puberty. In such conditions, IGF-I concentration could have been maximum with the Holstein animals. The main production site of circulating IGF-I is the liver under growth hormone control. Therefore it was surprising to observe a reduction in growth hormone production with an increase. in IGF-I concentration. A negative correlation between IGF-I and growth hormone concentrations was also observed by Ronge et al. (1988) with dairy cows.
Perhaps the decrease in growth hormone was associated with the positive influence of IGF-I on somatostatin production; thereby, IGF-I could have negatively affected the pituitary gland (Berelowitz et al., 1981) . The growthpromoting effects of IGF-I occur at target tissue level and are due to the IGF-I locally produced and not detected in the plasma (Isaksson et al., 1987) . If one assumes that IGF-I is a promotor of muscle growth, Belgian Blues should have produced more IGF-I at the tissue level than the Holstein bulls because their muscle mass was greater.
Implications
Animal performance by growing-fattening bulls of two different breeds was associated to some extent with differences in plasma hormones and metabolites, but not with plasma insulin-like growth factor I. Perhaps stimulation of one hormone by another could change with time. Further studies at the cellular level of chemical composition and on interactions between hormones and target cells will reveal the causes of different rates of muscle growth. 
